study question: How do the assisted reproductive technology (ART) outcomes of women presenting for ART after cancer diagnosis compare to women without cancer?
with 34.8% of the 46 women who received ART treatment a longer time after being diagnosed with cancer (P , 0.0001). We conjecture that the former group were either unaware that they had cancer or decided to undergo ART therapy prior to cancer treatment. However, their live birth rate was only 11.7% compared with 28.8%, the overall live birth rate for all women with cancer using autologous oocytes (P , 0.0001). The live birth rate for women diagnosed with breast cancer more than 6 months before ART (23.3%) did not differ significantly from the overall live birth rate for cancer (P ¼ 0.49). If this difference is substantiated by a larger study, it would indicate a negative effect of severe recent illness itself on ART success, rather than the poor outcome being only related to the destructive effects of chemotherapies on ovarian follicles. Alternatively, because of the short time difference between cancer diagnosis and ART treatment, these pre-existing cancers may have been detected due to the increased medical surveillance during ART therapy. In women who only used autologous oocytes, women with prior cancers were significantly less likely to become pregnant and to have a live birth than those without cancer (adjusted odds ratio (AOR): 0.34, [95% confidence interval (CI): 0.27, 0.42] and 0.36 [0.28, 0.46] , respectively). This was also evident with specific cancer diagnoses: breast cancer (0.20 [0.13, 0.32] and 0.19 [0.11, 0.30] , respectively), cervical cancer (0.36 [0.15, 0.87] and 0.33 [0.13, 0.84] , respectively) and all female genital cancers (0.49 [0.27, 0.87] and 0.47 [0.25, 0 .86], respectively). Of note, among women with cancer who became pregnant, their likelihood of having a live birth did not differ significantly from women without cancer (85.8 versus 86.7% for women using autologous oocytes, and 85.3 versus 86.9% for women using donor oocytes).
limitations, reasons for caution: Women may not have been residents of the individual States for the entire 5-year pre-ART period, and therefore some cancers may not have been identified through this linkage. As a result, the actual observed number of cancers may be an underestimate. In addition, the overall prevalence is low due to the age distributions. Also, because we restricted the pre-ART period to 5 years prior, we would not have identified women who were survivors of early childhood cancers (younger than age 13 years at cancer diagnosis), or who had ART more than 5 years after being diagnosed with cancer. Additional analyses are currently underway evaluating live birth outcomes after embryo banking among women with cancer prior to ART, cycles which were excluded from the analyses in this paper. Future studies are planned which will include more States, as well as linkages to vital records to obtain information on spontaneous conceptions and births, to further clarify some of the issues raised in this analysis.
wider implications of the findings: Since the live birth rates using donor oocytes were not reduced in women with a prior cancer, but were reduced with autologous cycles, this suggests that factors acting in the pre-or peri-conceptional periods may be responsible for the decline.
Introduction
It is estimated that there are 13.6 million cancer survivors in the USA, including over 1 million women of reproductive age (de Moor et al., 2013) . The number of women diagnosed with cancer during their lifetime has been steadily increasing, due to advances in early detection and the aging of the population. For women in their reproductive years, an important concern is how the disease and its treatment will affect their future fertility. Several studies (Ives et al., 2007; Kroman et al., 2008) and recent meta-analyses and reviews (Azim et al., 2011; Levine et al., 2015; Raphael et al., 2015) have addressed the safety of pregnancy after cancer, including endocrine-sensitive disease (Azim et al., 2013; Goldrat et al., 2015) . The objective of this study was to evaluate the cancer history among women of childbearing age presenting for ART in three US States, and compare the assisted reproductive technology (ART) outcomes in women with prior cancer compared with those without.
Materials and Methods

Data sources
The Society for Assisted Reproductive Technology Clinic Outcome Reporting System (SART CORS) database contains comprehensive data from more than 90% of all clinics providing ART in the USA (http://www .sart.org). Data for IVF treatment cycles were collected and verified by Cycles that began between 1 January 2004 and 31 December 2009 and were reported to the SART CORS were included, linked by the woman's birth date, first and last names, and social security number (when present). Linkages across clinics also included partner's name and the sequence of ART outcomes. Identifying variables (including names, dates, and social security numbers) were removed and a de-identified analytic file generated. Cycles were numbered sequentially, regardless of cycle type (fresh or thawed, autologous or donor). Excluded were cycles that were designated as research and women who used gestational carriers or for whom all cycles were designated as embryo banking. Cycles of treatment have been linked to individual women (Stern et al., 2010 (Stern et al., , 2011 Luke et al., 2012 Luke et al., , 2013 Luke et al., , 2014 , allowing calculation of total exposures.
Cancer registry data from NY, IL and TX were chosen for this study, because they are large, ethnically diverse States that ranked #1, 4 and 5 in number of ART cycles performed, respectively, in 2012 (CDC, ASRM, SART, 2014). These three States maintain population-based cancer registries that consistently received Gold certification by the North American Association of Central Cancer Registries during 2004 -2009 (http://www.naaccr .org/Certification/USCert2011.aspx). Data available from the cancer registries included the International Classification of Disease for Oncology codes for cancer site, morphology and age at diagnosis. The study was approved by the SART Research Committee, and by the institutional review boards at Michigan State University, the University of Minnesota, the New York State Department of Health, the Texas Department of State Health Services and the Illinois Department of Public Health, and data were analyzed using the SAS 9.3 software (SAS, Cary, NC, USA).
Linkage procedures
The SART CORS database is maintained by Redshift Technologies, Inc. for SART. Cycles in the database for women who were residents of NY, TX or IL treated between 1 January 2004 and 31 December 2009 were linked by Redshift Technologies, Inc. Cycles for the same woman which occurred within one clinic were linked using the woman's birth date, first and last names and social security number (when present). Cycles across clinics for the same woman were linked with the additional factors of partner's name and the sequence of ART outcomes. Redshift Technologies, Inc. also generated study-specific unique identifiers (for each woman and each cycle).
To maintain data quality and to ensure the anonymity of the final linked file provided to the investigators, the minimum SART CORS data sufficient to achieve linkage was transferred directly from Redshift Technologies to each State. The final linked SART/cancer files were stripped of any data elements that could identify an individual. For instance, the final file did not contain any geographic unit smaller than the State itself. The investigators received a file from Redshift Technologies containing ART treatment data, reproductive history, age and the unique identifier, but no personal identifiers, in order to link treatment data to the SART/cancer files. The data records for each woman from SART were ordered by date of treatment initiation. Each woman was then screened for prior ART treatment, either a report of prior ART cycles or the use of frozen embryos on the initial cycle; women with prior ART treatment were eliminated. The data from each woman were then summarized into a single record that included data from the initial ART treatment, such as patient age, as well as the total number of cycles and total FSH dosage over all the ART cycles reported. Using the data from each State, the earliest malignancy and its organ system were identified for each woman; three malignancies that were classified as 'unknown' with respect to system were deleted. The two files were then merged so that the final file included both women with and without malignancies.
Statistical analysis
We restricted the before-treatment period to 5 years prior to initiation of ART. Since women may have the same age at treatment and cancer onset, which is equivalent to saying that with 75% probability the ages do not differ by more than 6 months in either direction, when months of diagnosis and treatment were available, we defined a year to be +6 months. Diagnoses within 6 months of the start of ART treatment or an age difference of zero was included in the period before ART (zero years difference); we viewed diagnoses within a period up to 6 months post-initial treatment to be most likely due to enhanced surveillance that resulted in the identification of a preexisting condition. Live birth rates and pregnancy rates were computed for women. The univariate analyses of women's characteristics and ART treatment parameters by cancer status were compared using x 2 for categorical variables and t-tests for continuous variables, with significance at P , 0.05. The multivariate analyses of ART outcomes were modeled into three ways: the likelihood of pregnancy, live birth and live birth for those women who became pregnant using logistic regression, with women without cancer as the reference group. Models were both unadjusted, and adjusted for woman's age, parity, cumulative FSH dosage, infertility diagnosis, number of diagnoses, number of ART cycles, State of residency and year of ART treatment. Independent variables included State (NY, IL or TX), year of ART treatment (2004, 2005, 2006, 2007, 2008 and 2009 ), age at start of the first cycle of ART treatment in years (as 18-29, 30 -34, 35-37, 38 -40, 41 -43 and 44 -64) , parity (0, 1 and ≥2), infertility diagnosis (male factor, endometriosis, ovulation disorders, diminished ovarian reserve, tubal factors, other factors and unexplained), number of diagnoses (1 or .1), number of ART cycles (1, 2, 3, 4 or ≥5), cumulative FSH dosage over all initiated cycles during the study period (none, ,2000 |IU, 2000-3999 IU, 4000 -6999 IU and ≥7000 IU), oocyte source (autologous versus donor), cancer diagnosis (all cancers, endocrine, melanoma, breast, ovarian, cervical, uterine, and all female genital [cervix, uterus, other female genitalia, ovary, vagina and vulva]). The dependent variables were live birth, pregnancy and live birth for those women who became pregnant.
Infertility diagnoses were defined for data entry to SART CORS as follows: male factor is the presence of abnormal semen parameters or function; endometriosis is the presence of any stage of endometriosis whether treated or untreated; ovulation disorders can have several differing definitions including multiple cysts affecting fertility, oligo-ovulation or anovulation; diminished ovarian reserve is currently defined as high FSH or estradiol in the early follicular stage as measured on a clomiphene citrate challenge test, or reduced ovarian volume, but could also have been defined by advanced maternal age for some earlier cycles in our cohort; tubal factor is any condition affecting the patency of the Fallopian tubes; uterine factor includes any uterine abnormality. The category of other factors could have included immunological, chromosomal, cancer and any other conditions not listed in the previously defined categories. Unexplained is intended to be an absence of any defined male and female diagnoses.
Results
The study population included 53 426 women; 441 women were diagnosed with cancer within 5 years prior to ART start. Mean (+SD) age at cancer diagnosis was 33.4 + 5.7 years; age at start of ART treatment was 34.9 + 5.8 for women with cancer compared with 35.3 + 5.3 years for women without cancer (Table I) . Women with cancer were more likely to seek ART treatment at a younger age than those without cancer, and were more likely to be nulliparous. As expected many of the women with prior cancers were designated to have the cancer diagnosis 'Other factors'; this resulted in many other diagnoses having lower frequencies (by 1/3 to 1/2) in women with prior cancer compared with women without cancer. Women with prior cancers were less likely to become pregnant and have a live birth; among women with cancer who became pregnant, the likelihood of having a live birth did not differ significantly from women without cancer (85.8 versus 86.7% for women using autologous oocytes, and 85.3 versus 86.9% for women using donor oocytes).
Live birth rates among women using autologous oocytes differed substantially by cancer status (47.7% without cancer versus 24.7% with cancer, P , 0.0001), and cancer diagnosis (ranging from 53.5% for melanoma to 14.3% for breast cancer, P , 0.0001) (Table II) . Among women with breast cancer, which represented about one-third of all cancers in this cohort, only 2.8% of those using autologous oocytes who underwent ART within 6 months of being diagnosed with cancer used donor oocytes compared with 34.8% of their counterparts who received ART treatment a longer time after diagnosis (P , 0.0001). However, their live birth rate was only 11.7% compared with 28.8%, the overall live birth rate for women with cancer using autologous oocytes (P , 0.0001). The live birth rate for women diagnosed with breast cancer more than 6 months before ART using autologous oocytes (23.3%) did not differ significantly from the overall live birth rate for cancer (P ¼ 0.49). The live birth rates among women using donor oocytes did not vary substantially by cancer status (60.4% for women with any cancer versus 64.5% for women without cancer), or by cancer diagnosis (ranging from 57.9% for breast cancer to 63.6% for endocrine cancer).
Among women using only autologous oocytes, women with cancer overall were significantly less likely to become pregnant and to have a live birth (Table III) 
Discussion
This is one of the first studies to evaluate the characteristics and outcomes of women with cancer who were subsequently treated with ART (Knopman et al., 2009; Barton et al., 2012; Das et al., 2012) . The main finding in this large, population-based study linking State cancer registries to the US national ART database, which included more than 53 000 women treated with ART, was that women with cancer are more likely to seek ART treatment at a younger ages than those without cancer and to be nulliparous. Specific cancer diagnoses were associated with a decreased likelihood of pregnancy and live birth, including breast cancer, cervical cancer and all female genital cancers. This may reflect an altered hormonal milieu resulting from the cancer process itself, the cancer therapy, or a combination of both factors. With the use of donor oocytes live birth rates in women with prior cancer were comparable to those of women without cancer. The likelihood of live birth for those women who became pregnant did not differ by cancer status or cancer diagnosis, suggesting that the critical issue involves factors acting in the pre-and peri-conceptional periods. Further research is needed to clarify these issues.
Women with breast cancer make up about one-third of all cancers in this cohort. Among women with breast cancer only 2.8% of the 106 women who underwent ART within 6 months of being diagnosed with cancer used donor oocytes compared with 34.8% of the 46 women who received ART treatment a longer time after their cancer diagnosis (P , 0.0001). We conjecture that the former group were either unaware that they had cancer or decided to undergo ART therapy prior to cancer treatment. However, their live birth rate was only 11.7% compared with 28.8%, the overall live birth rate among women with cancer who used autologous oocytes (P , 0.0001). The live birth rate for women diagnosed with breast cancer more than 6 months before ART (23.3%) did not differ significantly from the overall live birth rate for cancer (P ¼ 0.49). If this difference is substantiated by a larger study, it would indicate a negative effect of severe recent illness itself on ART success, rather than the poor outcome being only related to the destructive effects of chemotherapies on ovarian follicles. Alternatively, because of the short time difference between cancer diagnosis and ART treatment, these pre-existing cancers may have been detected due to the increased medical surveillance during ART therapy.
The main strength of this study is its large sample size and the use of high-quality, population-based cancer registries and the national SART Women who received ART treatment after they were diagnosed with breast cancer (.6 months).
Assisted reproductive technology after cancer database. A limitation is that women may not have been residents of the study States for the entire 5-year pre-ART period, and therefore some cancers may not have been identified through this linkage. As a result, the actual observed number of cancers may be an underestimate. In addition, the overall prevalence is low due to the age distributions. Also, because we restricted the pre-ART period to 5 years prior, we would not have identified women who were survivors of early childhood cancers (younger than age 13 years at cancer diagnosis), or who had ART more than 5 years after being diagnosed with cancer. Additional analyses are currently underway evaluating live birth outcomes after embryo banking among women with cancer prior to ART, cycles which were excluded from the analyses in this paper. Future studies are planned which will include more States, as well as linkages to vital records to obtain information on spontaneous conceptions and births, to further clarify some of the issues raised in this analysis.
In conclusion, this large US study of cancer in women prior to ART treatment, using State cancer registries and the national SART CORS database, found the likelihood of a live birth after ART among women with prior cancer using autologous oocytes is reduced and varies by cancer diagnosis, but is similar to women without cancer when donor oocytes are used. 
